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Objective: To assess the negative health consequences and associated costs of cigarette smoking in
Germany in 2003 and to compare them with the respective results from 1993.

Methods: The number of deaths, years of potential life lost (YPLL), direct medical and indirect costs caused
by active cigarette smoking in Germany in 2003 is estimated from a societal perspective. The method is
similar to that applied by Welte et al, who estimated the cost of smoking in Germany in 1993. Therefore, a
direct comparison of the results was possible. Methodological and data differences between these two
publications and their effect on the results are analysed.

Results: In 2003, 114 647 deaths and 1.6 million YPLL were attributable to smoking. Total costs were
€21.0 billion, with €7.5 billion for acute hospital care, inpatient rehabilitation care, ambulatory care and
prescribed drugs; €4.7 billion for the indirect costs of mortality; and €8.8 billion for costs due to work loss
days and early retirement. From 1993 to 2003, the proportionate mortality attributable to smoking
remained relatively stable, rising from 13.0% to 13.4%. The smoking-attributable deaths in men is lowered
by 13.7% whereas that in women increased by 45.3%. Total real direct costs rose by 35.8%, and total real
indirect costs declined by 7.1%, rendering an increase of 4.7% to real total costs. Accountable factors are
changes in cigarette smoking prevalence and in disease-specific mortality and morbidity, as well as a rise
in general healthcare expenditure.

Conclusions: Despite the growing knowledge about the hazards of smoking, the smoking-attributable costs
increased in Germany. Further, female mortality aftributable to smoking is much higher than it was in
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1993.

smoking, many countries have implemented anti-

smoking measures. For example, Ireland and Italy
banned smoking in all public buildings and at all workplaces,
including pubs and restaurants. Several publications have
shown that Germany is still rather friendly to the tobacco
industry.! This is also supported by recent decisions not to
implement a smoking ban or to prohibit smoking in all public
places. However, Germany increased the tax on tobacco
products three times since 2004, which decreased cigarette
sales and smoking prevalence in the age group 12-17 years.”’

The first cost-of-smoking study for Germany used 1993 as
the reference year,* and was published by some of us. Since
then, three other studies have been published: one is by Ruff
et al,> which cannot be used for comparison because of a lack
of methodological transparency, and two by Wegner et al,*”’
which considered only indirect costs. Thus, costs of smoking
can be compared with only the first study.

This study presents the most recent estimate for both direct
and indirect costs of cigarette smoking in Germany, based on
the latest available data and referring to the year 2003. As a
similar method was applied, costs of smoking can be directly
compared between 1993 and 2003.

ﬁ s a result of the devastating health consequences of

METHODS

The direct medical and indirect costs of diseases attributable
to cigarette smoking were estimated for Germany in 2003
from a societal perspective. The method used, although
similar to the previous publication by Welte et al,* was
improved. Although the calculation of direct and indirect
costs remained mostly unchanged, the database was partially
modified as more detailed data were now available. The
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prevalence-based approach and the concept of smoking-
attributable fractions (SAFs) were applied for the diseases
(table 1).*” SAFs for smoking-attributable deaths were
calculated using an epidemiological model that accommo-
dates three levels of cigarette smoking status: current, former
and never."

A top—down approach was used and data were derived
from databases and publications. In the baseline analysis,
future costs were discounted at 3%, as recommended by Gold
et al." Indirect costs were estimated using the human capital
approach. A univariate sensitivity analysis was used to
determine the robustness of the results.

The prevalence of cigarette smoking was considered in two
different ways using (a) nine age groups (baseline analysis)
and (b) two age groups (<65, =65 years). There are two
regularly conducted surveys in which the smoking prevalence
in Germany is measured: (1) the Microcensus, a representa-
tive household sample survey, in which typically one house-
hold member answers the questionnaire for all other
household members'”; and (2) the Telephone Health
Survey, another regularly performed representative statistical
survey, for which people are randomly selected from the
resident population.” We chose the results from the
Telephone Health Survey 2003 as the prevalence data source
because of the greater chance of under-reporting in the
Microcensus. For current smokers, the Telephone Health
Survey assesses cigarette smoking, whereas for former
smokers, it does not distinguish between different types of
tobacco smoking. To estimate the prevalence of former

Abbreviations: CPS, Cancer Prevention Survey; ICD, International
Classification of Diseases; SAF, smoking-attributable fraction; YPLL,
years of potential life lost
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Table 1 Relative mortality risks of smoking-associated diseases for the US
Smoking status
Men Women
ICD-10 Disease category Current Former Current Former
Neoplasms
C00-14 Lip, oral cavity, pharynx 10.89 3.40 5.08 2.29
c15 Oesophagus 6.76 4.46 7.75 2.79
C25 Pancreas 2.31 1.15 2.25 1.55
C32 Larynx 14.60 6.34 13.02 5.16
C33-34 Trachea, bronchus, lung 23.26 8.70 12.69 4.53
C53 Cervix, uteri - - 1.59 1.14
cé7 Urinary bladder 3.27 2.09 2.22 1.89
C64-66, 68 Kidney, other urinary 272 1.73 1.29 1.05
Cardiovascular
diseases
100-9 Rheumatic heart disease
110-15 Hypertension
120-25 Ischaemic heart disease
Age 35-64 years 2.80 1.64 3.08 1.32
Age =65 years 1.51 1.21 1.60 1.20
126-28 Pulmonary heart disease 1.78 1.22 1.49 1.14
130-52 Other forms of heart disease  1.78 1.22 1.49 1.14
160-69 Cerebrovascular disease
Age 35-64 years 3.27 1.04 4.00 1.30
Age =65 years 1.63 1.04 1.49 1.03
170 Atherosclerosis 2.44 1.33 1.83 1.00
171 Aortic aneurysm 6.21 3.07 7.07 2.07
172, 74-78 Other arterial disease 2.07 1.01 217 1.12
Respiratory diseases
A15-16 Respiratory tuberculosis 1.75 1.36 2.17 1.10
J10-18 Pneumonia, influenza 1.75 1.36 217 1.10
J40-43 Bronchitis, emphysema 17.10 15.64 12.04 11.77
J45-46 Asthma 1.75 1.36 217 1.10
J44 Chronic airways obstruction  10.58 6.80 13.08 6.78
Perinatal diseases
P07 Short gestation/low birth 1.83 1.83 1.83 1.83
weight
P22 Respiratory distress syndrome 1.30
P23-28 Other respiratory conditions in 1.41
newborns
R95 Sudden infant death syndrome 2.29 2.29 2.29 2.29
ICD, International Classification of Diseases.
Source: Centers for Disease Control and Prevention,® Gavin et al.”

cigarette smoking, we assumed the age-specific and sex-
specific proportion of former cigarette smokers to all former
smokers to be the same as reported in the Microcensus 2003.
However, smoking behaviour during pregnancy was based on
the most recent data for this subgroup—that is, the German
Perinatal Survey from 1995 to 1997."* Relative risks were
determined from the 6-year follow-up of the Cancer
Prevention Study II.° Smoking-attributable deaths were
derived by applying the SAFs to the number of deaths by
age, sex and disease.”” The relative mortality risks of cigarette
smoking were used as proxy for the relative morbidity risks of
cigarette smoking as a result of a lack of other data. This
approach has also been used in other cost studies.* ®7 '
Smoking-attributable years of potential life lost (YPLL) were
calculated by multiplying the smoking-attributable deaths by
age and sex with the respective group-specific life expec-
tancy." The relative risk ratios were available for people aged
=35 years. Therefore, we estimated the cost of smoking for
these age groups.

The calculation of smoking-attributable costs of outpatient
and acute hospital care was based on data from the
“Health—cost of illness 2002 report published by the
Federal Statistical Office, Germany.” The report presents
cost data for several healthcare institutions according to
International Classification of Diseases (ICD) groups, which
were generated by applying a top-down approach. Where

possible, costs were allocated according to the main
diagnosis. Otherwise, equal shares of the costs were divided
between all stated diagnoses. The outpatient data of this
report were based on two regional samples of subjects for
whom healthcare expenses according to age, sex and disease
were obtained. These detailed analyses were available only
for 2002. Hence, it was assumed that the ratio between the
cost per ICD group and total costs did not change between
2002 and 2003. As the cost data were available only for a
higher aggregated ICD level than needed, it was assumed
that the distribution of the costs of acute hospital and
outpatient care within the ICD groups is linearly related to
the hospital days per disease. The smoking-attributable costs
of acute hospital care and ambulatory visits were estimated
by calculating the proportion of smoking-attributable hospi-
tal days to the total sum of hospital days. Smoking-
attributable hospital days were derived by applying the
SAFs to the hospital days for Germany in 2003 according to
age, sex and disease (see appendix for an example).” As
hospital care expenses do not include publicly funded
hospital investments, the costs were increased by 4.4%,
corresponding to the ratio between total hospital investments
and the expenses for total hospital care.” Costs for research
and education were excluded.

Smoking-attributable costs of inpatient rehabilitation were
estimated similarly as the hospital costs. However, instead of
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Table 2 Mortality and years of potential life lost attributable to smoking, in Germany 2003
Cardiovascular Respiratory Perinatal
Neopl di diseases diseases Burn deaths  Total
Deaths
Men 36 055 29 293 14 404 110 162 80 024
Women 10 260 16 528 7 650 80 105 34 623
Both sexes 46 315 45 821 22 053 190 267 114 647
Both sexes (%) 40.4 40.0 19.2 0.2 0.2 100.0
YPLL
Men 537 083 388 744 146 171 8 331 4738 1085 067
Women 182 975 196 473 84 705 6 498 2395 473 046
Both sexes 720 058 585 217 230 876 14 829 7133 1558113
YPLL, years of potential life lost.

hospital days, rehabilitation cases in 2003, according to age,
sex and disease, were multiplied by the sex-specific and
disease-specific number of rehabilitation days per patient.”
The proportion of smoking-attributable rehabilitation days to
all rehabilitation days was used to determine the smoking-
attributable costs from the total costs of inpatient rehabilita-
tion.** The calculations of the inpatient rehabilitation sector
were based on data from the statutory pension insurance.
Most Germans are enrolled in the statutory pension
insurance. Similar to the previous paper,* costs of other
payers (eg, employers, private health insurance, private
households) were also considered by assuming that the
sector-specific proportions of smoking-attributable costs were
the same as for the statutory pension insurance.

The estimation of the smoking-attributable costs of
prescribed drugs in the ambulatory sector was based on a
report of prescribed drugs,” which categorises prescribed
drugs by diagnostic categories. These diagnostic categories
were assigned to ICD10 main groups, and the specific
proportions of the ICD10 main groups determined from
hospital care (smoking-attributable hospital days divided by
all hospital days) were applied to the drug costs of the
respective ICD10 main groups. Drugs prescribed in hospitals
and inpatient rehabilitation are included in the total cost in
each of these categories.

The indirect costs of smoking were estimated using the
yearly labour costs, according to age and sex, as an
approximation for the net production of a person. The
smoking-attributable costs of premature mortality were
determined by multiplying the smoking-attributable deaths,
according to age and sex, with the age-specific and sex-
specific present value of the future net product per capita.
This value was estimated by multiplying the age-specific and
sex-specific survival probabilities’” with the respective
(yearly) net product,” and summing the yearly net products

to the age of 90 years (baseline analysis) or 65 years
(sensitivity analysis). The smoking-attributable costs of early
retirement were determined by multiplying the smoking-
attributable cases of early retirement, according to age and
sex, with the respective present value of the future net
products per employed person, by age and sex.”” The
remaining productivity associated with early retirement was
estimated at 25% and 50%, depending on whether retirement
was due to complete or partial inability to work, respectively.
Only these categories can be distinguished from the available
data. The smoking-attributable costs of work days lost were
calculated by multiplying the smoking-attributable work
days lost as a result of acute illness or rehabilitation® with
the net product of employed persons per effective work day
by age and sex. The smoking-attributable work days lost as a
result of acute illness were estimated analogously to the acute
hospital days.

In the sensitivity analysis, the effect of using the friction
cost method and including the loss of unpaid work (eg,
household services, taking care of relatives) was investigated,
the unpaid work potentially gaining relevance in an ageing
society. Friction cost was calculated using a friction time of
71 days,” and an elasticity for annual labour time versus a
labour productivity of 0.8.>° The average time spent on unpaid
work by age and sex was derived from the most recent
German time budget study (2001-2).*' For valuation of
unpaid work, the substitution cost approach and the
minimum opportunity cost approach were used—that is,
the effective labour costs of employed housekeepers and the
effective net income per employed housekeeper, respectively.
Additional sensitivity analyses were performed to investigate
the robustness of our results with respect to using different
databases.

For the comparison of the present results with those of
1993,* the 1993 prices were inflated to 2003 levels according

Table 3 Cost of cigarefte smoking in Germany 2003 (million Euros)
Cardiovascular Respiratory Perinatal Burn
Neoplasms diseases diseases diseases deaths Total

Direct costs 1693 3735 1867 185 Not considered 7 480
Hospital care 1126 1747 663 69 3 605
Ambulatory care 312 853 489 15 1769
Rehabilitation 112 120 68 0 300
Prescribed drugs 144 1015 647 0 1806
Indirect costs 6 574 2 888 3920 88 75 13 545
Mortality 3 436 658 444 88 75 4701
Morbidity 3138 2 230 3476 0 0 8 844
Work days lost 217 1289 2 387 0 0 3893
Early refirement 2921 941 1089 0 0 4951
Total costs 8 267 6623 5787 273 75 21025
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to the consumer price index.”* Otherwise, no appropriate data
are available regarding the sector-specific price increase for
German healthcare. Indirect costs were adjusted by the
average wage increase over the decade.

RESULTS

Tables 2 and 3 show the main results of our calculations. In
2003, 114 647 (13.4%) deaths were attributable to cigarette
smoking in Germany. In all, 20.2% of all male deaths and
7.6% of all female deaths were caused by cigarette smoking.

More than two thirds (69.8%) of all smoking-attributable
deaths were male deaths. Most smoking-attributable deaths
(71.7%) occurred in people aged =65 years. The number of
YPLL totalled almost 1.6 million, of which 294 000 could be
assigned to the age group <65 years (current statutory age of
retirement for men in Germany).

The total smoking-attributable costs added up to €21
billion, of which 35.6% were direct and the remaining 64.4%
were indirect. Cardiovascular diseases were the main cost
driver, accounting for half of the direct costs (49.9%),
followed by respiratory diseases (25.0%) and neoplasms
(22.6%). Perinatal diseases accounted for 2.5% of the direct
costs. However, most expenses were due to hospitalisation
and acute outpatient care, which made up 71.9% of the direct
costs. Prescribed drugs accounted for 24.1% of direct costs,
whereas rehabilitation accounted for only a small amount of
these costs. The direct cost of smoking accounted for 3.3% of
the total healthcare expenditure in Germany in 2003.

In contrast with direct costs, the main driver of indirect
costs was neoplasms. Mortality and morbidity accounted for
one third and two thirds of the indirect costs, respectively,
with 56% of the morbidity costs due to early retirement and
44% due to work days lost.

Sensitivity analysis
Figure 1 shows that the indirect costs of smoking were highly
sensitive to the valuation method chosen, particularly with

Unpaid work (substitution cost)
Unpaid work (opportunity cost)
Friction cost method

No discount

5% discount

Productivity until 65 years

Cigarette smoking prevalence, Microcensus 2003

Smoking prevalence,
National Telephone Health Survey 2003

Cigaretfte smoking prevalence in two age groups
CPS Il 4-year follow-up

Figure 1
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respect to the valuation of unpaid work. The inclusion of
unpaid work led to a substantial increase of indirect costs.
Valuing unpaid work by opportunity costs increased the
indirect costs by 76%, whereas applying the substitution cost
method even increased these costs by 166%. Use of the
friction cost method instead of the human capital approach
and, to a lesser extent, the choice of the discount rate also
had an effect on the indirect costs. Assuming that productiv-
ity ended at age 65 years further decreased the indirect costs
by 10%.

Factors that influenced indirect and also direct costs
and mortality were smoking prevalence, the number of
smoking prevalence strata and the relative risk estimates.
When using the prevalence rates of the Microcensus 2003,"
smoking-attributable costs and mortality declined, as the
prevalence rates were lower than those in the Telephone
Health Survey 2003.” Stratification of smoking prevalence
into only two age groups instead of nine slightly increased
the direct and indirect costs and the mortality. Using a
smaller number of prevalence groups led to higher smoking
prevalence estimates in older age groups. The groups aged
=65 years accounted for 73% of all male deaths and 88% of
all female deaths in 2003. Hence, small changes in smoking
prevalence in these age groups had a substantial influence on
smoking-attributable mortality (fig 1). Applying the overall
instead of the cigarette smoking prevalence would inappro-
priately increase mortality and costs, as only about 89% of
male smokers and about 99% of females aged =35 years
smoke cigarettes. Further, using the 4-year follow-up** of the
Cancer Prevention Study II instead of the baseline 6-year
follow-up led to higher smoking-attributable mortality and
costs because of different estimates of relative risk. This
calculation shows that changes in smoking prevalence of
people aged =65 years as well as in relative mortality risks
had a considerable effect on the smoking-attributable
mortality.

-100% -50% 0% 50% 100% 150% 200%

| 166%
| 76%
o B Mortality
— —85% ODirect costs
Olndirect costs
[ 117%
-8% []
-10%

—8%

5%

3%

14%

6%

Sensitivity analysis, percentage change in deaths, direct costs and total costs. CPS, Cancer Prevention Survey.
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Table 4 Cigarette smoking prevalence in Germany in 2003 and 1992
Age groups
{years) 35-39 40-44 45-49 50-54 55-59 60-64 65-69 7074 =75
Smoking status in the Telephone Health Survey, 2003
Men
Current 0.42 0.40 0.39 0.28 0.24 0.21 0.14 0.12 0.12
Former 0.25 0.27 0.33 0.35 0.35 0.42 0.42 0.52 0.51
Women
Current 0.38 0.35 0.37 0.31 0.23 0.17 0.11 0.06 0.06
Former 0.23 0.25 0.26 0.27 0.28 0.21 0.17 0.22 0.22
Change to Microcensus 1992 (applied by Welte et af’)
Men
Current —-0.03 0.01 0.02 —-0.04 —0.04 —-0.04 —-0.05 —-0.06 0.00
Former 0.07 0.07 0.10 0.11 0.08 0.08 0.04 0.16 0.19
Current 0.05 0.06 0.13 0.15 0.09 0.05 0.02 -0.02 0.03
Former 0.09 0.12 0.13 0.18 0.20 0.13 0.07 0.13 0.17
Source: Robert Koch Institute,”® Federal Statistical Office.™

Comparison 2003 versus 1993

A method similar to that used by Welte et al* updated and
improved, was used, which also influenced the results. SAFs
were calculated on the basis of method used in the 1993
model. However, instead of using the 4-year follow-up data,
the 6-year follow-up data of the Cancer Prevention Survey
(CPS) II were used, which were newly available. Most
relative risks decreased in the 6-year follow-up but some
increased, such as those for bronchitis and emphysema
(ICD10 J40-43).

Further, the most recent cigarette smoking prevalence rates
from the Telephone Health Survey 2003 were used instead of
the data from the Microcensus 2003. Whereas the prevalence
of male smokers predominantly decreased, the corresponding
percentage of female smokers increased in almost all age
groups between 1992 and 2003 (table 4" *).

In the calculation, smoking prevalence, relative risk
estimates and the absolute number of deaths in the
population contribute to smoking-attributable mortality. In
total, the proportionate mortality attributable to smoking
(the proportion of smoking-attributable deaths to overall
deaths) remained relatively stable—it increased slightly from
13.0% to 13.4%. However, the absolute number of smoking-
attributable deaths decreased during the past 10 years by
1.6% (table 5), which corresponds to the decline in overall
mortality by 4.8% between 1993 and 2003.

Smoking-attributable female deaths rose by about 45.3%
between 1993 and 2003, which can be mainly explained by

Table 5 Comparison of smoking-attributable deaths,
years of potential life lost and cost, cost in 1993 with
respect to prices in 2003
1993 2003 Difference (%)
Mortality 116 507 114 647 —1.6
YPLL 1483070 1558 113 5.1
Direct costs 5 507 7480 358
Hospital care 2514 3606 43.4
Ambulatory care 1328 1769 332
Rehabilitation 377 300 —20.3
Prescribed drugs 1288 1805 40.1
Indirect costs 14573 13545 -7.1
Mortality 4 851 4701 -3.1
Morbidity 9721 8844 -9.0
Days of work lost 4019 3892 -3.2
Early refirement 5702 4952 -13.2
Total costs 20080 21025 47
YPLL, years of potential life lost.
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using a different data source for smoking prevalence. Using
the same but updated data source as in the 1993 study,
smoking-attributable female mortality would have been 5.4%
higher than in 1993. The lower relative risk estimates
compared with those in 1993 somewhat lowered the strong
increase in smoking-attributable female mortality. Further,
more deaths were caused by diseases with a relative high
smoking-attributable fraction. In contrast, smoking-attribu-
table male deaths decreased by 13.7%. This development is
linked to a decrease in relative risks of cardiovascular
diseases and fewer overall deaths compared with those in
1993. Changes in the smoking prevalence in men slightly
diminished the decrease in the corresponding smoking-
attributable mortality.

If we had used the CPS II 4-year follow-up data and the
Microcensus 2003 data as in Welte ef al," smoking-attribu-
table deaths would have been 113 740, which is almost the
same as in our baseline analysis (table 5). The similarity of
the result stems from two counterbalancing effects. On the
one hand, the CPS II 4-year follow-up with predominantly
higher relative risks would have led to an increase in
smoking-attributable deaths. On the other hand, using the
Microcensus 2003 with lower smoking prevalence instead of
the Telephone Health Survey 2003 would have resulted in
fewer smoking-attributable deaths.

The number of YPLL in 2003 was 5.1% higher compared
with that in 1993. Whereas there was a slight decrease
(—6.8%) in male YPLL, the number of female YPLL rose by
48.6%. This decrease in female YPLL was because of the
relatively strong increase in female smoking-attributable
mortality. The distribution of the YPLL between the three
main diseases (neoplasms, cardiovascular diseases and
respiratory diseases) did not change substantially.

The real direct costs of smoking increased by 35.8%
between 1993 and 2003 (table 5). Whereas the costs for
rehabilitation decreased, all other cost categories increased by
at least 33%. The higher direct costs of smoking-attributable
diseases can be partially explained by the growth in total
healthcare expenditures amounting to 42.7% between 1993
and 2003.**

Smoking-attributable costs for hospitalisation rose by
43.4% within this decade. Although the total number of
inpatient days was lower in 1993, the number of smoking-
attributable inpatient days increased by 10% between 1993
and 2003. This effect was mainly caused by the higher
number of hospitalisation days in 2003 as a result of
neoplasms with a relative high SAF. Compared with 1993,
using a more specific method for the calculation of costs due
to the availability of more detailed data for the present
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study” led to a slight increase in costs of smoking-
attributable hospitalisation. In the previous study, total
hospital costs were not available for ICD groups.

Total ambulatory expenditures grew by 54.4% during this
decade,” whereas the percentage increase in smoking-
attributable ambulatory costs was lower (33.2%). Applying
the method used in the previous publication, the cost of
ambulatory care would have been 48% higher or an
additional €851 million. Welte et al* derived the smoking-
attributable ambulatory costs from the proportion of smok-
ing-attributable contacts to all contacts. The contacts were
available by ICD chapter. As these data are from the early
1980s, we used the more detailed ambulatory costs by ICD
group,” recently published by the Federal Statistical Office, to
calculate the smoking-attributable ambulatory costs.

Using the same calculation method as used in Welte ef al,*
expenses for prescribed drugs rose by 40.1% between 1993
and 2003. As in other cost categories, the general increase in
expenses for prescribed drugs and the increase in smoking-
associated diseases in hospital days was the main reason for
this development.

Indirect costs decreased by 7.1% between 1993 and 2003
because smoking-attributable deaths in employable ages
decreased during this decade. The strong decrease in
smoking-attributable deaths in men aged 35-64 years more
than compensated for the increase in the same variable for
women.

DISCUSSION

We estimated the smoking-attributable mortality, YPLL and
economic cost attributable to smoking in Germany in 2003.
More than 114 000 premature deaths, 1.6 million YPLL and
€21 billion are the social and economic burdens of smoking.
Although only 19% of the YPLL occur before the age of
65 years, the economic burden due to the associated
productivity loss is remarkably high. Direct medical costs
per smoker added up to €346 and total costs per smoker
amounted to €974 in 2003.

Our study permits a direct comparison between the costs of
smoking in 2003 and 1993, as the method used was similar to
that used in the study in 1993.* During this 10-year period,
the direct costs increased enormously, whereas the indirect
costs slightly decreased. This decrease in indirect costs is a
consequence of the reduced mortality in employable ages.
The changes in direct costs can be explained mainly by the
substantial increase in overall expenditures for healthcare
between 1993 and 2003.

Compared with other studies on cost of smoking in
developed countries,” ** the proportion of smoking-attribu-
table medical costs to the total medical costs at 3.3% lies at
the lower end. A comparison of international findings
requires a cross-sectional analysis of the applied methods,
whereas comparison in this study focused on developments
over time.

Other studies used econometric models for calculating
medical care costs.”” * As against the attributable risk
approach, these models consider all smoking-attributable
direct costs and control for other risk behaviours, such as
alcohol use, and also confounding factors.”® *' As this study
focused on the comparison of the results with those obtained
10 years ago, we used the attributable risk approach. Further,
no individualised data but only aggregate data were available
for our study, which enabled the applied approach.

We used the relative risk estimates from the CPS II, which
was not a nationally representative sample.** Malarcher ef al*'
used a combination of two representative US samples and
found that the overall smoking-attributable mortality based
on the CPS II was 19% higher than that based on the other
combined sample. Age-adjusted relative risks were smaller in
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the representative US samples, whereas further adjustment
of smoking-attributable mortality for education, alcohol use,
hypertension and diabetes mellitus did not change the results
substantially. As it is not clear to what extent the US relative
risks match German relative risks for mortality,* further
research should be undertaken to derive those estimates for
Germany. As our study also focused on the comparison of
results with those obtained 10 years ago, we used the data
from the CPS IIL

The SAF for mortality was used as a proxy for the smoking-
attributable healthcare utilisation and expenditures, as no
relative risk estimates for morbidity were available. Clearly,
this assumption might lead to an overestimation or under-
estimation for morbidity SAFs, depending on the respective
disease. Examples for overestimation are diseases with
relatively short duration until death (eg, lung cancer) and
those for underestimation are chronic diseases that often
occur with other diseases (eg, chronic airways obstruction).
The relative risk estimates used in this study neither vary over
calendar time nor vary by the time span during which a
person smokes. Study results thus do not reflect any effects of
smoking that might derive from respective differences
between the CPS II population and the populations investi-
gated here.

Also, owing to lack of data, it was assumed that the
distribution of ambulatory visits for each ICD code is equal to
that of hospital days. The ACUT database, from 1991,
provides the most recent data regarding the number of
patient contacts with office-based general practitioners and
internists in Germany according to ICD9 main groups. The
proportion of contacts due to cardiovascular diseases almost
equals the proportion of hospital days. In contrast, the ratio
of hospital days due to neoplasms overestimates outpatient
contacts, whereas the ratio of hospital days due to respiratory
diseases underestimates them. The ratio differences were
almost the same if hospital cases were used instead of the
hospital days. As the ACUT database does not reflect possible
shifts between diseases, as was observable for smoking-
attributable mortality, the hospital days in 2003 were used as
a proxy.

John and Hanke" calculated the smoking-attributable
mortality in 1995 in Germany. They concluded that smok-
ing-attributable mortality was underestimated in previous
studies by at least 24.4%. In contrast with these results, we
did not use the overall smoking prevalence in Germany but
only the prevalence of cigarette smokers, as the applied
relative risk estimates from the CPS II are also only for
cigarette smokers. Further, whereas they used a unique and
sex-specific prevalence rate for people aged =35 years, we
used prevalence rates according to 5-year age groups.
Populating our model with the overall and age-group non-
specific smoking prevalence of 1995 leads to similar smoking-
attributable deaths as calculated by John and Hanke.
However, using the same prevalence rate for all age groups
renders an overestimation of smoking-attributable deaths, as
smoking prevalence decreases with age whereas mortality
rises.

The cost of passive smoking was not included as available
data are scarce. The Centers for Disease Control and
Prevention estimated that 8.6% of all smoking-attributable
deaths between 1995 and 1999, which were caused by lung
cancer or ischaemic heart diseases, were due to secondhand
smoke.*” Keil et al** estimated that >3300 people die every
year because of passive smoking in Germany.

To compare the study results of 1993 and 2003, the 1993
results were inflated to 2003 using the consumer price
index.” This adjustment of results may lead to under-
estimation. Owing to technological advances and high labour
intensity in healthcare, sector-specific inflation would be
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What this paper adds

o Cigarette smoking is the largest preventable risk factor
for morbidity and mortality in developed countries.

® The number of deaths, years of potential life lost, and
direct medical and indirect costs caused by active
cigarette smoking in 1993 and 2003 in Germany were
compared using a similar calculation method.

o Although the proportionate mortality atiributable to
smoking remained relatively stable (from 13.0% to
13.4%), real direct costs increased by 35.8% and real
indirect costs decreased by 7.1%.

® The main reasons for these observations are changes in
smoking prevalence, disease-specific mortality and
morbidity, and a rise in general healthcare expenditure.

expected to exceed that of general consumption. However,
even after special requests, the Federal Statistical Office could
not provide a medical care price index. Although the
Organisation for Economic Cooperation and Development
health data include the price index of health expenditures,
only a price index primarily focused on pharmaceutical
products is available for Germany,” which does not
adequately reflect the total price development in the
German healthcare sector.

Our estimation of indirect costs using the human capital
approach rendered results similar to those of the German
study in 1999 by Wegner ef al.® However, applying the friction
cost method leads to different results. In the present study,
indirect costs add up to €2.1 billion, which is less than half of
what Wegner et al’ calculated. This difference is due to the
smaller friction period used in the present study.

Differences between the wages of smokers and non-
smokers were not considered, although non-smokers are
known to have higher average incomes than the smokers."”
Using more detailed data would lead to lower indirect costs of
paid work.

Despite the growing knowledge about the hazards of
smoking, the smoking-attributable costs increased and the
proportionate mortality attributable to smoking remained
relatively stable during the past 10 years in Germany. The
effect of female smoking, however, is much higher than that
found in the 1993 study, mainly because of a more precise
way of surveying smoking prevalence. During the past
5 years, various intervention programmes such as several
tobacco tax increases or warning notices on cigarette packs
were started or intensified. The findings of this study
regarding the burden of smoking and its development over
the past decade provide the opportunity to use cost results in
the economic evaluation of smoking interventions and also
the necessary information for rational policy making.
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APPENDIX

EXAMPLE FOR A SIMPLIFIED CALCULATION OF THE
COSTS FOR HOSPITAL CARE DUE TO SMOKING-
ATTRIBUTABLE HYPERTENSION (ICD10: 110-15)
Gender-specific and age-specific smoking-attributable frac-
tions (SAFs) of hypertension were obtained by multiplying
the gender-specific and age specific smoking prevalence by
the relative risk of hypertension. The SAF in men ranges from
0.15 to 0.33, whereas the female SAF lies between 0.06 and
0.26.

As mentioned in the Methods, it is assumed that the
expenditures for hospital care are linearly related to the
hospital days. To calculate the smoking-attributable costs for
hospital care caused by hypertension, the corresponding
smoking-attributable and total hospital days were used. By
multiplying the age-specific and gender-specific SAFs by the
age-specific and gender-specific hospital days, the smoking-
attributable hospital days due to hypertension were obtained.
The total hospital days due to hypertension sum up to
1 670 846, whereas the derived smoking-attributable hospital
days sum up to 203 469. Hence, 12.2% of all hospital days
caused by hypertension can be attributed to smoking.

According to the Federal Statistical Office, the expendi-
tures of hospital care caused by hypertension add up to €706
million in Germany in 2003. Hence, 12.2% of this amount—
that is, €86 million—can be attributed to smoking.
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